STUDY DESIGN: Retrospective review of patient charts. OBJECTIVES: Cervical spine epidural abscess (CSEA) is uncommon. In this study, characteristics of CSEA patients are described through an institutional analysis and literature review. SETTING: University-affiliated city hospital. METHODS: The electronic medical record was searched from 01/2001 to 01/2012. Data on presentation, comorbidities, diagnostic modalities, pathogens, treatments, and neurological recovery were collected. RESULTS: Sixteen patients were identified with a mean age of 57.9 years (33-83). Nine were females. Common symptoms were neck/back pain (62.5%), neurological deficits (62.5%), and fever (31.3%). Comorbidities included cardiovascular disease (56.3%), renal disease (37.5%), and diabetes mellitus (37.5%). Lower levels were more likely afflicted (C5-C7). Microorganisms were commonly Staphylococcus and Streptococcus (68.8%). Eight (50.0%) received surgery (anterior [87.5%] and posterior [12.5%] cervical fusion and corpectomy [37.5%]) plus antibiotics and 8 (50.0%) were treated with antibiotics only. Patients with less comorbidities were more likely to receive surgery; more comorbidities were was associated with a poor prognosis. Eight patients (50%) made had full neurological recovery, 2 (12.5%) with had minimal recovery, 2 deaths died, and the remaining (25%) 1 was were sent to a skilled facility and 1or lost to follow-up. CONCLUSIONS: Cervical SEA can be problematic. The vast majority do not present classically and treatment does vary. It occurs more frequently in the lower cervical levels. Though antibiotics alone may suffice, surgery is frequently employed and a multitude of techniques are at the utility of the spine surgeon. Cardiovascular comorbidities are associated with a poorer outcome. In order to improve prognosis, management considerations should include both patient factors and multidisciplinary efforts.
INTRODUCTION
Spinal epidural abscess (SEA) is a rare entity, accounting for~2 to 25 admissions per 100 000 hospital admissions. 1 The infection is most commonly caused by Staphylococcus aureus, but can be caused by a range of other bacteria or fungi. 2 Many risk factors are associated with SEA, including diabetes mellitus, drug and alcohol abuse, liver and renal failure, and invasive procedures. [3] [4] [5] [6] The infectious process typically occurs in the thoracic or lumbar region, though cervical SEA (CSEA) does occur. 4, 7 Estimates on the frequency of abscesses in the cervical region are in the vicinity of 14% of all SEA. 8 The exact pathophysiology of CSEA is unknown, but the most prominent hypothesis is that hematogenous or lymphatic channels cause spread from remote locations ( Figure 1 ). 5, 9 Anatomically, formation of an infectious collection within the spinal canal presents as an emergency to the clinician, as the small area surrounding the thecal sac limits the progression of any adjacent disease process such as an abscess. 10 At the condition's highpoint, there is compression of nervous structures and the cord itself resulting in neurological sequelae. The ambiguity of symptoms often causes long delays in diagnosis, challenging clinicians further. 9 However, the literature is scarce in regards to CSEA, elucidated mostly in case reports and a few case series. Moreover, recent evidence indicates that the SEA condition is currently on the rise and perhaps that it is presenting more aggressively. 11, 12 As such, we report our experience with CSEA over an 11-year period and compare our findings with those in the literature.
MATERIALS AND METHODS
Institutional Review Board authorization was obtained and the electronic medical record at Summa Health System was reviewed for all patients discharged with a diagnosis of spinal epidural abscess from January 2002 to January 2012. After excluding cases that were readmissions and those lacking complete data, we found 106 patients. From this cohort, we identified 16 patients with a SEA localized to the cervical spine. Each of the patient's charts were examined from admission until discharge, gauging for the symptoms and signs of the condition, risk factors, comorbidities, pathogens, mode of diagnosis, type of treatment received and extent of neurological improvement.
Data analysis was performed using Excel (Microsoft Corporation Inc., Redmond, WA, USA) and GraphPad Software (GraphPad Software, La Jolla, CA, USA). Parametric data was analyzed via a t-test and Fisher's exact test was applied towards categorical variables. Two-tailed P-values o0.05 were considered significant. 1 
RESULTS

Signs, symptoms and origins of infection
Sixteen patients were found with CSEA. There were nine females (56.25%) and the average age was 57.9 years. The most common symptoms were neurological, with seven (43.75%) patients presenting with paralysis in the extremities and three (18.75%) presenting with paresthesias. In addition, six (12.5%) patients presented with neck pain and four (25%) with back pain. Other common symptoms included fevers and/or chills (31.25%) and urinary or bowel symptoms (18.75%). These results are summarized in Table 1 . Most common potential origins of infection were genitourinary in four (25%), a gastrointestinal focus in three (18.75%) and two (12.5%) of each with the following origins: respiratory, oral and skin.
Level and location Patients that had concurrent abscesses at other spinal levels are shown in Table 2 , either as an extension beyond the cervical region or as a multifocal infection. Twelve (75%) patients had SEA only within C1-C7, of which five (41.7%) were ventral, two (16.7%) were dorsal, one (8.3%) was lateral and four (33.3%) were in an unspecified location. Two (12.5%) patients had SEA that included the thoracic region. The abscesses in these patients were located ventrally. Another two patients had multiple SEA in the cervical and lumbar regions, located ventrally. The lower cervical spine was most frequently affected, mostly C5-C7.
Comorbidities and pathogens Each of the patients had one or more comorbidities. More than half had vascular disease (56.25%), six (37.5%) had diabetes mellitus and five had a history of renal insufficiency or were on dialysis (31.25%). Other common comorbidities included endocarditis, substance abuse, previous spine surgery, malignancy and chronic inflammatory disease. Figure 2 shows the causative organisms. Methicillin-resistant S. aureus accounted for a multitude of infections (31.25%), followed by Streptococcus (18.75%). Other contributing microorganisms included methicillin-sensitive S. aureus and Klebsiella (12.5% each). In all 16 cases, magnetic resonance imaging was the imaging modality of choice. In addition, in three cases (18.75%), computerized tomography was also used.
Treatment and outcome
The data regarding treatments offered and chosen surgical procedures is also examined ( Table 2) . Half the patients received antibiotics alone, with the remaining receiving antibiotics and some form of surgical intervention. Seven patients (87.5%) had an anterior cervical fusion and discectomy, one received a posterior decompression, and three of them also received a corpectomy. After treatment, eight patients (50%) had full neurological recovery, independent ambulation and/or no sphincter disturbance. Two patients (12.5%) had a negative outcome: minimal recovery, assisted ambulation, paraplegia and/or possible sphincter disturbance. Last, two patients (12.5%) expired, and the remaining four (25%) were lost to follow-up (see Table 2 ). A comparison of patients receiving surgical vs medical management is presented in Table 3 . Patients receiving surgery were younger (54.3 vs 61.5 years) and more likely to be male. There were no differences in the number of patients presenting with focal neurological deficits or having a negative outcome. Length of stay was slightly higher in the medical group, although not significant. A significant result in this comparison is comorbidities: patients receiving surgery had less comorbidities, both overall and cardiovascular (P = 0.026 and P = 0.0076, respectively). In terms of isolated pathogenic microorganisms, it was quite similar between the groups including Staphylococcus and Streptococcus species.
Literature review
The following is a summary of previous case series (Supplementary Table) . Age of patients diagnosed with CSEA have ranged between 18 and 88 years. The upper cervical spine is less likely afflicted when compared with lower cervical levels; 11% are between C1 and C3, 56% between C4 and C6 and 33% between C6 and T1. Additionally, ventral predisposition is more likely. Most common comorbidities included intravenous drug abuse, diabetes mellitus, liver disease and infection elsewhere. Other risk factors were renal disease and dialysis, tobaccoism, cardiovascular, recent dental work and immunosuppression. Previous reported cases had S. aureus including methicillinresistant S. aureus and methicillin-sensitive S. aureus, and Streptococcus as the most common infectious microorganisms. Pseudomonas and Brucella were reportedly recovered in others. Patients were treated with either a combination of antibiotics and surgery or with solely medical management. A myriad of surgical approaches and techniques were used including anterior and posterior access procedures, various sorts of fusion methods and conventional operations with discectomy, laminectomy and corpectomy. Neurological recovery and outcome is variable with a seemingly equal distribution among those making full improvement vs those with unchanged symptomatology following treatment and/or without resolution of deficits. Fever is a common finding and is also one of the more common symptoms in our analysis (31.25%), although not the most common finding on presentation. Neurological symptoms spanned from sphincter incontinence to localized paresthesias and back pain, myalgias, monoparesis, ascending paraparesis, paraplegia and quadraparesis. 2, 4, 6, 7, 10, 13 In fact, spinal pain and focal neurological findings accounted for the highest percentage of symptomology in our patient population (62.5%). Focal neurological findings were further stratified into either paralysis/paresis (43.75%) or paresthesias/pain (18.75%).
While the general age group of CSEA is reportedly between 50 and 70 years of age (Supplementary Table) , Walters et al. 10 documented CSEA in patients as young as 18 years. However, it should be noted that this patient had CSEA originating from Pseudomonas aeruginosa following a dental extraction. In general, pathogenic seeding is either via extension from infected tissue or by direct inoculation following spine surgery or intervention. 8 With regards to exact levels of involvement, it has been noted previously that C4-C5 and C5-C6 are most likely affected, with the ventral aspect of the spine being most common. 2, 3, 7, 13 Results from our analysis also showed that more distal cervical levels (C5-C8) were most commonly involved (68.75%). Reasons for this phenomenon are not quite clear and can be attributed to anatomy-less protection and coverage of the lower cervical spine, structures in its close proximity and a possible increased likelihood of injury and degenerative joint disease.
Commonly associated comorbidities in CSEA patients include ischemic heart disease, diabetes, renal failure, alcoholic liver cirrhosis, viral hepatitis, immunosuppressive therapy and malignancy. 3, 4, 7, 13 Vascular disease accounted for the most commonly associated comorbidity in our series (56.25% patients) with malignancy and chronic inflammatory disease accounting for the least common (12.5% patients each). When comparing those with a better outcome to those with a poorer outcome (Table 2) , on average both groups had the same number of comorbidities (~3.7 comorbidities per patient). On the other hand, when comparing specific comorbidities, the group with worse outcomes does have more cardiovascular comorbidities such as ischemic heart disease, heart failure and deep vein thrombosis (on average, 3 vs 1 cardiovascular comorbidities/patient). Finally, of note, a small number of patients had a previous history of spinal pathology and/or spine surgery in their past that is unrelated to their current spinal infection.
In our series, S. aureus was the primary pathogen, similar to previous publications. 3, 4, 6, 7, [13] [14] [15] [16] [17] However, three patients grew Gram-negative bacteria. Others reported Streptococcus and Pseudomonas occurring in a significant percentage of patients. 7, 9 Additionally, Gram-negative bacilli as a cause of SEA in general has shown to be~16% of all SEA cases. 6, 8, 17 Pina et al. 2 described CSEA arising secondary to Brucella, where the majority of cases originated from animal contact in farmlands and Muzii et al. 18 documented mycobacterium tuberculosis isolated in two epidural cervical abscess cases, both of which were immunocompromised due to an extensive history of intravenous drug use. In terms of imaging, magnetic resonance imaging of the cervical spine is the study of choice for diagnosis of CSEA (Figure 1) . 8 Pre-and postcontrast magnetic resonance imaging are important for surgical planning and to evaluate the extent of involvement and extension into the adjacent space. 8, 13 In general, patients undergo both medical and surgical treatment options. The majority of patients reported in the literature were started empirically on broad spectrum intravenous antibiotics at presentation. Postoperative antibiotic therapy was also administered for variable durations spanning from 2-3 months. 2, 5 In other studies, patients were not offered antibiotics until after surgical evacuation and the causative organism was identified, particularly if the patient was not septic on presentation. For example, in Ghobrial et al.'s study 12 any patient presenting with CSEA underwent immediate surgery whether they had neurological sequelae or not. On the other hand, patients receiving solely medical treatment were more likely to have significantly better motor scores at the time of presentation. 10 Similarly, in terms of the choice of treatment modality offered to our patients (half receiving antibiotics as the only treatment), we found that although surgery combined with systemic antibiotics was the treatment of choice for most patients, there are a subset of patients where exclusive medical therapy may suffice. Generally, patients without cord involvement and/or focal neurological deficits as well as those with resolution of the infection at follow-up were deemed appropriate candidates for antibiotic therapy alone.
As seen in the patients presenting to our hospital, the complication rates and outcomes of CSEA can range from total symptom resolution to death. Full recovery including the ability to ambulate independently without residual sphincter disturbance was seen in half the patients. By and large, the degree of neurologic recovery after surgery is related to the duration of the neurologic deficit. 7 A delay in diagnosis also increases the risk of neurological dysfunction due to spinal cord ischemia or nerve compression. 18 In another series,~50% demonstrated neurological improvement following surgery, and one had evidence of worsening motor scores, while the rest were stable. 12 Seven patients in Shousha et al's study (58.3%) showed considerable neurological improvement after treatment and the other 5 (41.7%) remained without improvement. Other studies demonstrated post-treatment interventions such as aggressive rehabilitation and physical therapy to contribute towards moderate improvement in motor functioning. 19 The decision to operate on patients with CSEA is made on a case-by-case evaluation of each of the patients along with assessment of other determinants of a positive outcome. Those with overly severe disease, neurological deficits, life-threatening symptoms and lack of infection clearance at follow-up should receive surgery. An operation may also be offered to those with mild to moderate disease with a consideration of factors such as timing of presentation, severity of symptoms and the surgical risk of the patient. The plan for surgery, while left up to the spine surgeon's discretion, is usually undertaken along with recommendations from colleagues in other disciplines (general medicine and infectious disease services).
Our study is limited by a number of factors including data, a retrospective small number of patients and missing long-term follow-up. Overall, there has been few series on CSEA published in the literature and most are case reports. [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] We suggest multicenter, prospective studies in the future along with longterm follow-up and outcomes data.
CONCLUSION
CSEA should be suspected in those with pertinent risk factors and treated immediately. Surgical intervention is often used, although some patients may be treated primarily with medical management. Prognosis is dependent on factors such as the timing and neurological condition at presentation, extent of spinal canal involvement and promptness of surgery. Future large, prospective studies with complete follow-up are recommended.
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